Abstract Pakistan has experienced severe floods over the past decades due to climate variability. Among all the floods, the flood of 2010 was the worst in history. This study focuses on the assessment of (1) riverine flooding in the district Jhang (where Jhelum and Chenab rivers join, and the district was severely flood affected) and (2) south Asiatic summer monsoon rainfall patterns and anomalies considering the case of 2010 flood in Pakistan. The land use/cover change has been analyzed by using Landsat TM 30 m resolution satellite imageries for supervised classification, and three instances have been compared, i.e., pre-flooding, flooding, and post-flooding. The water flow accumulation, drainage density and pattern, and river catchment areas have been calculated by using Shutter Radar Topography Mission digital elevation model 90 m resolution. The standard deviation of south Asiatic summer monsoon rainfall patterns, anomalies and normal has been calculated for July, August, and September by using rainfall data set of Era interim (0.75°9 0.75°resolution). El Niño Southern Oscillation has also been considered for its role in prevailing rainfall anomalies during the year 2010 over Upper (2011)(2012) may be the cause of severity and disturbances in rainfall patterns during the year 2010. The Geographical Information System techniques and model based simulated climate data sets have been used in this study which can be helpful in developing a monitoring tool for flood management.
Indus Basin region. Results show the considerable changing of land cover during the three instances in the Jhang district and water content in the rivers. Abnormal rainfall patterns over Upper Indus Basin region prevailed during summer monsoon months in the year . The El Niño (2009 and its rapid phase transition to La Niña (2011 Niña ( -2012 may be the cause of severity and disturbances in rainfall patterns during the year 2010. The Geographical Information System techniques and model based simulated climate data sets have been used in this study which can be helpful in developing a monitoring tool for flood management.
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Introduction
Pakistan has frequently faced many meteorological disasters such as droughts and floods due to climate variability. These disasters caused environmental damages, fatalities, economic losses and displacement of population (Hashmi et al. 2012; Federal Flood Commission of Pakistan 2011; Khan and Khan 2015; National Disaster Management Authority 2011) . These natural hazards cannot be prevented; however, the likelihood of human exposure to them can be mitigated through proper planning and management strategies. El Niño Southern Oscillation (ENSO) is the climate variability that causes fluctuations in ocean temperatures over the equatorial Pacific. ENSO shows substantial impacts on global climate and weather over the years (Hirons and Klingaman 2016) . It has two phases, a warm phase, i.e., El Niño; when the ocean water becomes substantially warmer than normal (Yu et al. 2017) , and a cold phase called La Niña; when the ocean water becomes substantially colder than normal and is considered nearly reverse pattern to that of El Niño (Deflorio et al. 2013; Goly and Teegavarapu 2014) . ENSO has afflicted Pakistan with above or below normal rainfalls in different periods during the past decades (Rashid 2004; Mahmood et al. 2004 Mahmood et al. , 2006 Khan 2004 ). Weather anomaly prevails over Pakistan during ENSO and affects summer and winter rainfall (Rashid 2004; Khan 2004) . The summer monsoon rainfall faces deficit over Pakistan during El Niño events and cause meteorological droughts [a condition that may occur when precipitation is insufficient to meet the needs of established human activities (Hoyt 1938) ] (Rashid 2004) , whereas it receives near-normal to above-normal rainfall during La Niña years (Khan 2004) , that usually cause flooding. La Niña conditions often, though not always, follow the El Niño conditions (Hirons and Klingaman 2016) .
The abnormal weather conditions prevailed during summer monsoon season over Pakistan in 2010; consequently, Pakistan received higher than normal and spatially distributed rainfall which caused flooding in the Indus, Jhelum and Chenab Rivers. The Indus River, with a length of 3180 km and an average annual discharge of 7610 m 3 /s, is the largest river of Pakistan, and its major tributaries are Jhelum and Chenab Rivers (Gaurav et al. 2011; Ahmad 1993) .
The Jhelum River drains an area that lies in the west of Pir Panjal separating Jammu and Kashmir and flow southward parallel to the Indus at an average elevation of 1680 m. About 6000 km 2 of alluvial lands are drained in the Kashmir valley by Jhelum River (Babel and Wahid 2008) . It receives water from several important sources such as glaciers located in the northern areas of Pakistan (IUCN 2007 ). Based on a 20 years record at the rim stations of Pakistan (inflow measurement facility has been established at the rim of the Indus River tributaries and thus referred to as Rim station inflows), the main contribution to the inflow comes from the rivers of Indus, Jhelum and Chenab, which accounts for more than 95% of the total flow (Ahmad 1993; Ahmad et al. 2000) .
River Indus and its tributaries (Sutlej, Ravi, Jhelum and Chenab Rivers) irrigates the vast plains on the south of Salt range extending to the Arabian Sea, and east of Sulaiman and Kirthar mountain ranges. These tributaries meet the Indus River at Mithan Kot. On the north of the Mithan Kot, there lies the Upper Indus Basin (UIB) and on the south lies the Lower Indus Basin. The northern areas of the Indus River are very fertile despite of the fact that this is an arid region. The fertility in this region is mainly due to the soil brought by the Rivers. The UIB consists of the northern areas of Pakistan extending to the south up to Sargodha High (Iqbal 1995) . UIB comprise of northern areas of Pakistan, i.e., mountain ranges including Himalayas, Hindu Kush, Pamirs, and Karakoram (Ferguson 1985) , provinces of Khyber Pakhtunkhwa, Punjab and Jammu and Kashmir and are covered by Jhelum and Chenab Rivers (Babel and Wahid 2008) , in addition to the River Indus and its other small tributaries.
Pakistan is highly vulnerable to hydro-meteorological events and has experienced recurring cycles of riverine flooding over the past several years. The flooding in Pakistan during the summer monsoon months of July-September 2010 was 7.5 on scale of intensity. The 2010 flood affected approximately one-fifth of Pakistan's total land area and displaced 20,000,000 inhabitants with 2000 fatalities in the country (Brakenridge 2012; Chorynski et al. 2012) . Flooding in the Jhelum and Chenab Rivers started in late July and sustained by the end of 2010 due to abnormally intensified summer monsoon rainfall in UIB (Syvitski and Brakenridge 2013) . Several studies have investigated the effects of recent and of past riverine flooding in different parts of the Asian continent (as shown in Table 1 ).
The present study investigates land use/cover assessment using supervised classification mode during 2010 flooding of the Jhelum and Chenab Rivers in the district Jhang, and monsoon rainfall patterns in UIB. Jhang district lies in the Punjab province with an area of 8809 km 2 and an estimated population of 466,121 people (for 2010) (Punjab Development Statistics 2014). The two rivers, i.e., Jhelum and Chenab meet in Jhang district at the point called the Trimmu Headworks (Fig. 1) . The water flow in the Indus River, the past floods in the Indus River, and the overall flood situation during 2010 in Pakistan have been discussed in detail in several studies (e.g., Syvitski and Brakenridge 2013; Hashmi et al. Arslan et al. 2013; Khan et al. 2014; Gaurav et al. 2011; Webster et al. 2011; Akhtar 2012; Syvitski and Brakenridge 2013; Mustafa and Wrathall 2011) . Hashmi et al. (2012) conducted a comprehensive study on the capacity of different Pakistan's rivers and barrages to explore their role in flood mitigation. However, the land use/cover and changes during and after flooding in Jhelum and Chenab River catchment areas have not been studied to provide useful information for policy making and implementing mitigation plans for metropolitan areas. This study provides an insight into the weather conditions of summer monsoon rainfall prevailed during 2010 over UIB in comparison with the normal rainfall, rainfall anomalies and ENSO. This study focuses on filling the afore knowledge gap and aims at developing an understanding on the use of combined techniques in Geographical Information System and reanalysis climate data as a monitoring tool in flood management in future. , 1979-2008) to calculate climatology (rainfall) for the summer monsoon months, i.e., July, August, and September (JAS); and average daily rainfall, anomalies, and standard deviations for JAS for the years of 2009-2011. Daily rainfall trend (mm/day) over UIB for 1979-2016 has been shown by using Era interim (0.75°9 0.75°resolution) data set. The El Niño events from 1981 to 2017 have been described by using daily Nino4 index from SST OI v2 degree (K). Digital satellite images have pixel values and need to be calibrated to convert into reflectance. Calibrating imagery is a preprocessing step which removes radiometric errors caused by sensor's scanning angle and distortion in an image that produces noise in addition to the true spectral radiance. ENVI's Radiometric Calibration tool provides options to calibrate imagery to radiance, reflectance, or brightness temperatures. We calibrated all the images and changed them from digital number (DN) values to reflectance. Radiometric Calibration tool also helps in classification to understand the objects by checking their spectral profile and reflectance in various bands.
Catchment delineation refers to the process of using DEM to identify features such as streams, catchment areas, and basins. The first input required for catchment delineation is DEM. DEM data files contain the elevation of the terrain over a specified area, usually at a fixed grid interval over the 'Bare Earth.' ArcGIS was used to delineate the smaller catchments in the study area. A high flow accumulation shows the areas of concentrated flow which are down slope or on the flat surface, and can be used to identify the channels of stream. The zero flow accumulation areas represent the topographic highs. The drainage pattern was calculated by the polyline feature that in turn identifies the stream order and stream feature. The stream feature represents the linear network. Density of the drainage is calculated by stream feature that represent the linear network. This linear network is used to calculate the line density. The line density calculates the magnitude per unit area from polyline features which lie within the radius around the pixel. The search radius of calculating the linear network and density is 100 m. The unit is based on the linear unit of the projection of the output spatial reference. The similar technique has been used by Khalid and Ghaffar (2015) for calculating the drainage density and patterns, flow accumulation and stream feature in different cities of Pakistan. River catchments were calculated by using the 'Watershed' application. A watershed is an upslope area that contributes flow of water to a common outlet as concentrated drainage. A larger watershed may contain many smaller watersheds, called sub-basins or catchments. In this study, calculation of river catchments determines those areas from which the Chenab and Jhelum Rivers receive water toward the drainage basin to the extent of the Jhang district.
Supervised image classification using maximum likelihood algorithm is used for mapping several classes for pre-flooding, post-flooding and flooding instances in study area. Image classification is a well-used and accepted technique for quantifying land cover and land use at a location and across multi-temporal phases (Alphan et al. 2009 ). Five classes have been identified, i.e., water, vegetation, builtup area, soil and clouds for the study area. Maximum likelihood algorithm is the statistical decision in which the pixels are assigned to the class of highest probability. This gives more accurate results as compared to other algorithms. Some images of the year 2010 (August and September) had cloud cover which cause difficulty in classification as areas under cloud cover and cloud shadow reflect differently thus difficult to identify.
The classified imageries were compared to give a clear picture of the pre-flooding, postflooding and flooding time situation in Jhang district. The climatic analysis has been performed to understand the anomaly and usual trend of rainfall in the region considering 30 years as normal (i.e., 1979-2008) for JAS. Furthermore, the rainfall trends in JAS for the years of 2009-2011 were also mutually compared to see the variations during the flood season of year 2010. The standard deviation average anomaly for climatic normal and standard deviation anomaly for JAS (2009) (2010) (2011) has been calculated to observe the variations of rainfall over UIB. (Figs. 5, 6, 7, 8) . The change detection statistics shows no significant change in builtup area (Table 2) , hence builtup is represented as '0' in flooding instance while vegetation, water and soil were changed about 39.02, 30.10 and 21.28%, respectively. The image classification of August 2010 and September 2010 shows the flooded district in Figs. 9 and 10. Vegetation cover in August and September is about 54% and 55%, respectively. Water covered about 10 and 5% of area in August 2010 and September 2010, respectively. Soil cover was classified about 15 and 17% in August and September 2010, respectively. An additional class was identified which affected the classification, i.e., cloud cover, typically found during monsoon season and has been considered as a class which is about 8 and 7% in August 2010 and September 2010, respectively, as shown in Fig. 11 . In the post- flooding instance, vegetation cover has identified as 29%, soil 25%, water 1% and builtup area 44% (see Figs. 12, 13 ). The overall change in area covered by different identified classes is shown in Table 3 . The climatic normal has been analyzed for JAS in UIB (Fig. 14) . The analysis shows that the rainfall in July 2009 is less than normal (Fig. 15) ; abnormally intense conditions (causing heavy rains) prevailed in July 2010 (Fig. 16) ; the rainfall pattern observed to be normal in July 2011 (Fig. 17 , 1979-2008) (Fig. 21 ) that shows intense occurrence of anomaly during July and August over UIB (Fig. 22) . A surge in rainfall events has been observed in years 1979, 1981, 1993, 1997, 2003, 2004, 2006, 2010, 2011, and 2016 (Fig. 23) . The high values in years 1979, 2003, 2004 and 2006 is between two El Niño events whereas high values in 1981, 1993, 1997, 2010, 2011, and 2016 is between the events of El Niño and La Niña (c.f. Fig. 24 ). The higher values show El Niño events and the lower values show La Niña events (Fig. 24) . 
Discussion
SRTM DEM was acquired and preprocessed to determine flow direction, flow accumulation, drainage density and to delineate the catchments of study area and is shown in Figs. 2, 3 and 4. The water flow is south and southeastward, catchments meet up in the south and drainage density becomes higher at this point where Rivers of Jhelum and Chenab meets. The catchments with highest water flow are dark blue whereas areas with the lowest flow are red. The high flows are apparent in the areas where both the rivers of Jhelum and Chenab merge. The catchments drain all the water to a single point and form a drainage pattern (Fig. 4) .
The pre-flooding, flooding, and post-flooding instances have been discussed in the following section. The land preparation and sowing season starts in April and May for Kharif crops (the crops cultivated and harvested in South Asian countries in summer monsoon season which bring rains that lasts from April to October depending on the area) that is why most of the area in district Jhang has been classified as soil/open land. The Punjab province starts to receive monsoon rains by the end of June that helps in cultivation for Kharif crop. Therefore, area in May 2009 has been shown as covered with vegetation by around 26.1% of the Jhang district and has further considered in vegetation class. This is also the time when harvesting of sugarcane starts in this region. Vegetation cover has increased in pre-flooding instance, i.e., August 2009 and in flooding instance in July 2010, respectively, as the cultivation of other crops like rice and maize increases at this time. No significant change has been observed in builtup area while water cover has significantly Here it is observed that 5% of water receded in a span of 1 month. Water class is increased in flooding instance to about 5 times as compared to the pre-flooding instance. The soil cover decreased to about half of what it was in pre-flooding instance. Most important impact of flood is observed on builtup area class that enormously reduced from 44% in August 2009 to 13 and 14% in August 2010 and September 2010, respectively. Analysis of satellite imageries for above-mentioned period shows that most of the builtup area was affected during the flood. Postflooding instance clearly depicts the flooded water has almost completely receded and again the land preparation period for new cultivation has been started. Vegetation is only 29% in the post-flooding instance as it is the harvesting and land preparation season. Builtup area is again recovered and identified in December 2010 imagery after the flood water has receded. Builtup area is about 44% as it was in pre-flooding instance. Water has regained its position and covers the river course only which is about 2%. Soil is identified around 25% which is almost the same as it was in pre-flooding instance. Comparison of pre-and post-flooding images with flooding instance show the significant change in builtup The floods of 2010 negatively affected the socioeconomic activities and human settlements all over Pakistan and in the Jhang district. The flooding caused due to higher than normal summer monsoon rainfall in the UIB. The water flows south and southeastward toward the human settlements and passes through the provinces of Khyber Pakhtun Khawa (KPK), Punjab, and Sind before it meets Arabian Sea in the south. Severe rainfall with abnormal trends during 2011 compared to previous years was also observed in the study area. According to the National Disaster Management Authority (2011), approximately 6,006,545 people from 23 districts were affected and 14,187 people were injured due to floods all over the country.
It is clear from climatic analysis Figs. 14, 15, 16, 17, 18, 19 
Conclusion
This study focused on the land use/cover changes occurred in the district Jhang in Punjab province where the two large rivers, i.e., Jhelum and Chenab Rivers meets at the Trimmu Headworks. The Landsat TM satellite imageries have been processed for supervised Fig. 14 Climatology (1979 -2008 showing rainfall patterns for JAS over UIB The south Asiatic monsoon pattern over UIB has also been analyzed. The abnormal rainfall patterns (anomalies) have been observed during 2010 and 2011 when compared to the normal. The ENSO has been identified playing its role in disturbances generated in summer monsoon rainfall patterns during 2010-2011. The abnormally intensified El Niño during 2009-2010 and its rapid phase transition to La Niña 2011-2012 has contributed to the exacerbation and severity of rainfall over Pakistan during 2010. An interactive automated application can be made on the methodology which can serve the purpose of web-based flood delineation tool involving GIS and reanalysis model data sets. Identified sub-basins can be further used for flood risk mapping. This analysis can be used in further management and planning for natural resource and flood management. Author's contributions BK and JAK designed research and maintained the pattern; DSA performed climatic analysis; JAK performed the remote sensing analysis; BK interpreted the results of climatic and remote sensing analysis and prepared the manuscript; SJ and MAJ contributed with expert guidance on technical aspects; BC supervised and gave permission to conduct the research; SJ, MAJ and AHK revised and improved the manuscript.
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